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Abstract
Background: Iodine deficiency disorders (IDD) and their attendant effects on human development, perinatal
mortality and intellectual dysfunction are a major nutrition and public health problem worldwide, with Ethiopia
counted among the top iodine-deficient countries. Despite the passing of new legislation in 2011 under the
National Nutrition Programme and subsequent increase in the availability of iodized salt, the eradication of IDD in
Ethiopia remains a significant challenge. This paper critically reviews the recent published data on iodine-status in
Ethiopia as a basis for formulating future research and policy initiatives.
Methods: We performed a structural search for IDD studies in Ethiopia for all population groups published
after the year 2000.
Results: Twenty four studies reported national and regional data giving a national total goiter rate above 35.8 % in
women, with rates close to 60 % in four regional states, and an estimated prevalence of IDD ranging from 0.4 to
66.3 % depending on region. The prevalence of goiter in children was 35 %, but was as high as 71 % in the South
Nations Nationalities and Peoples Region. The problem persists despite the widespread availability of iodized salt.
Conclusions: Eradicating IDD in Ethiopia will require concerted efforts including the close evaluation of intervention
programs through regular, nation-wide monitoring of IDD and salt-iodization coverage. Salt iodization became
mandatory in Ethiopia in 2011 and despite significant progress, the current level of eradicating IDD could be improved.
Prospective and controlled intervention studies to evaluate biomarkers of thyroid function and cognitive outcomes will
help to monitor and improve eradication efforts. Ascertaining and improving health and development in the most
vulnerable populations of women and children is a priority that may be advanced through a greater investment in
outreach and education.
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Background
Iodine is an essential micronutrient and necessary compo-
nent of the thyroid hormones thyroxine (T4) and triiodo-
thyronine (T3), which are necessary for normal growth,
development, and metabolism during pregnancy, infancy
and throughout life [1]. The ecological availability of iodine
from soil and water for incorporation by the plants and ani-
mal that are used for food are key determinants of human
iodine intake [2]. In iodine poor regions of the world, inter-
ventions are necessary to prevent endemic iodine deficiency
disorders.
In healthy humans, the adult thyroid gland contains
about 15–20 mg of iodine [3] used to produce the hor-
mones needed for normal neuronal migration and mye-
lination of the brain during fetal and early postnatal life
[4]. Intake of iodine below the minimum requirement
causes iodine deficiency (ID), which if chronic leads to
subsequent iodine deficiency disorders (IDD) [5]. IDD is
a serious health problem whose effects are most severe
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during pregnancy and childhood. During pregnancy it
can result in stillbirth, spontaneous abortion, congenital
abnormalities and intellectual dysfunction including cret-
inism and irreversible physical disabilities [6]. Among chil-
dren it is associated with high mortality and causes
intellectual dysfunction and brain damage as a result of
low thyroid hormone production and subsequent impair-
ment of brain development [7]. Circulating thyroid hor-
mone levels are known to be low in infants and women in
areas affected by moderate to severe ID [4]. According to
the 2011 estimate of the Iodine Global Network (formerly
the International Council for the Control of IDD) [8],
nearly two billion individuals have insufficient iodine
intake worldwide, including one-third of all school-age
children. ID is a public health problem in 32 countries,
especially developing countries, like Ethiopia [9].
The majority of the Ethiopian population has suffered
from ID and related public health problems for the last six
decades. In 2011, Ethiopia was among the most iodine defi-
cient countries in the world [10]. About 12 million school
age children were thought to live with inadequate iodine,
and a total of 66 million people, or 62 % of Ethiopia’s popu-
lation, are vulnerable to the risk of IDD [8]. Prevalent ID
was reflected in a rate of cretinism of one per thousand, an
estimated 50,000 IDD related peri-natal deaths annually,
and a rise in the overall prevalence of goiter from 26 % in
1980 [11] to 40 % in 2009 [12]. The prevalence of goiter in
children varied from <15 to >30 % in low and high goiter-
endemic regions, respectively [13]. These figures reflect the
fact that the median national urinary iodine excretion (UIE)
concentration (24.5 μg/L) [14] is well below the WHO/
UNICEF/ICCIDD cut-off point (100 μg/L) for adequate
iodine intake in the population, leading to severe (UIE
<20 μg/L) to moderate (20.1< UIE <50 μg/L) ID in the
population.
Despite the government’s implementation in 2011 of a
long-term plan to eradicate ID through salt iodization, the
problem reportedly persists [15] and data concerning sub
groups of the population and locations suffering from ID
are incomplete. We therefore undertook a systematic re-
view of published peer-reviewed data in order to provide a
critical update on iodine status and deficiency in Ethiopia.
The review covered studies published between the years
2000–2015 to assess the available data on IDD before and
after iodized salt became widely available in 2011. We
were particularly interested in ascertaining the national
and regional prevalence of ID in the most vulnerable
groups (mothers and their children), and in evaluating the
impact that salt iodization has had to date.
Methods
Our review aimed to address the following major research
questions
(1)What is the status of iodine availability and
consumption in the country?
(2)What are the effects of inadequate iodine in the
most vulnerable groups?
(3)How prevalent is ID in different regions of the
country?
(4)What are the subsequent consequences of ID?
(5)What solutions have been implemented or proposed
for eradicating ID?
(6)To what degree has the population been made
aware of the importance of iodine and the serious
effects of iodine deficiency?
Search terms were set in February 2014, and the most
recent search was done in March 2015. The search
terms included all publications with the terms “Ethiopia”
and “iodine intake” as well as more specific queries with
phrases to identify studies on the prevalence of ID in
women and children; iodine deficiency disorder (IDD);
causes of IDD; effects of IDD; IDD in Ethiopia, IDD in
pregnant or lactating mothers; IDD in children; IDD in-
dicators; urinary iodine concentration and thyroid grade
(goiter rate); iodized salt; household availability: USI in
Ethiopia; distribution of USI; iodized salt consumption;
concentration of iodine in salt at producer, retailer and
household level. Using these terms, searches were per-
formed in PubMed and Google scholar search engines
for articles, reviews, reports, e-books and workshops
proceedings. The search was limited to studies published
between early 2000 and March 2015. Data extraction
parameters were set first, including study design, regions
covered, population groups, ID indicator variables and
overall findings. The two reviewers then extracted and
tabulated the data from all of the retrieved publications
and checked agreement between them prior to writing
the review.
Results and discussion
Our search identified a total of 33 abstracts, nine of which
were excluded because the information was outdated
(published before 2000) leaving 24 studies. All but one of
the remaining studies had a cross-sectional design. The
remaining study was a retrospective cohort design and no
reports were found of controlled interventions. Because
the number of research reports on Ethiopia was relatively
small, they were all included in the review without
additional selection for quality of the evidence (Fig. 1).
They were classified as pertaining to the topics shown in
Table 1, with some studies touching on more than one
topic:
Regional studies of ID in Ethiopia are incomplete
To date, nationally representative data on ID in Ethiopia
are limited. Of the publications reviewed here, only three
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reported on ID and its effects in children and women of
child-bearing age at the national level, two made before
[13, 16] and one after the implementation of Universal
Salt Iodization in 2011 [17]. The remaining publications
focused on ID among the most vulnerable groups in
only six of Ethiopia’s ten regional states (Fig. 2). For ex-
ample, in Oromia, the largest populated region, seven
studies investigated iodine level in food and water, and
ID prevalence in children and women (Table 2). Only
few areas of Jimma zone [7, 11, 18], Arsi zone [19], Bale
zone [20] and Haramaya district [21] were covered, while
other zones and districts have no information. Southern
Nation Nationalities and Peoples were targeted with three
independent studies of zones and districts such as Gamo
Gofa [19], Kafa [22], Sidama [23–25], Hawasa [26] and
Sodo [27, 28]. Four reports on the Amhara region targeted
areas in Shoa zone [19], Bahir Dar town [29], Wombera
and Burie districts [30], and Lay Armachiho district [31].
Benshangul Gumuz region (Metekel zone) [32] and Tigray
region (Neksege subdistrict) [33] had each of a single in-
dependent report. Interestingly, studies on iodine contents
at production, retailer and household levels was con-
ducted nationally and regionally in Amhara, Tigray and
Afar regions [5, 17], but not elsewhere. There was also a
single cohort study (with retrospective analysis) in Addis
Ababa city focused on the histopathologic patterns of thy-
roid disease and their relationship with age and sex [34].
In contrast, no independent studies were reported on
Gambella, Harari and Somali regions, and a chartered city
(Dire Dawa).
ID prevalence in Ethiopian women
Although iodine is essential for all population groups,
women require high amounts during pregnancy because
of an increase in maternal thyroxine (T4) production
and loss of iodide through the kidneys due to the renal
clearance of iodide [9]. Urinary iodine concentration
(UIC) and thyroid volume (goiter rate (GR)) can be used
to assess iodine intake below the recommended levels in
women [35]. Interestingly, GR also serves as an indicator
of ID prevalence [36]. Despite the fact that ID has been
a serious health problem for the Ethiopian population
for a long period, few scientific studies have been carried
out nationwide in women to assess the prevalence of ID.
Notably, a national cross-sectional community based
survey reported in 2007 on the severity of goiter among
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Fig. 1 PRISMA flowchart diagram
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women 15 to 49 using GR parameters such as total GR
(TGR) [13]. TGR was found in above 30 % of women in
SNNPR, Benshangul Gumuz, Tigray and Oromia with a
maximum of nearly 60 % in SNNPR regional state indi-
cating severe ID in this region. The prevalence of goiter
in the rest of the regional states ranged from 5 to
29.9 %, except for Gambella with a rate of 1.4 %, that is,
a mild to moderate degree of ID [35].
Several studies indicate that ID persits among Ethiop-
ian women despite salt iodization in 2011. A high TGR
of 30.1 % among mothers was reported for the Burie
and Womberma districts in 2014 [30]. In the same year
88.9 % of pregnant women visiting Jimma University
Specialized Hospital for antenatal care were iodine defi-
cient with a median urinary iodine (MUI) of 48 μg/L
[18]. A comparable study from 2014 found 82.8 % of
pregnant women in the Haramaya district to be deficient
with a MUI of 58.1 μg/L [21]. Similarly, a study from
2013 among non-pregnant women living in rural com-
munities of Sidama zone, found that 96.5 % had UIC
below 100 μg/L with a MUI of 37.2 μg/L [24]. Of these
women, 22.8 % were severely ID, 46.5 % were moder-
ately ID, and 27.2 % were mildly ID and only 3.5 % had
adequate iodine (UIC >100 μg/L) [24]. Participants of
this study had 15.9 % TGR in which 1.5 and 14.4 % were
visible and palpable goiter, respectively [24]. Despite the
severity of these findings, such figures show a reduction
in ID following salt iodization compared with previous
report from the same area published by Bogale et al. in
2009 [23], who found 99 % of mothers to have UIC
below 20 μg/L and an 85 % prevalence of goiter.
There are only limited reports on the health conse-
quences of goiter in women. A review of different coun-
tries worldwide showed that reproductive failure has
been related to goiter and goiter endemicity [14]. A re-
cent survey in the southern part of Ethiopia found that
cognitive function, particularly of short term memory
and visual processing, were strongly associated between
women with ID and their biological children, a finding
that suggests infants are affected by their mother’s ID
[23]. Although these reports highlight the crucial im-
portance of targeting interventions to women, they are
insufficient for the design of effective programs. To sup-
port such efforts, research is urgently needed on ID
prevalence among Ethiopian women in all regions with
assessment of short and long-term health, social and
economic impacts.
ID prevalence in Ethiopian children
The severity of ID in the general population is clearly indi-
cated by its appearance among school-age children. The
national cross-sectional study from before iodization
(2007) demonstrated a high prevalence of ID among
10,965 children aged 6–12 years as indicated by both low
UIC and high TGR [16]. Based on UIC values, nearly 46 %
of children had severe ID (2 μg/dL or less), 23 % were
moderately iodine deficient (2.01–5.00 μg/dL), 15 % were
mildly deficient (5.01–10.00 μg/dL) and only 17 % were
within the normal range (>100 μg/dL). Using the preva-
lence of goiter as an indicator, the survey recorded the
highest TGR in the SNNPR region (56.2 %), followed by
Oromia (42.0 %), Benshangul-Gumuz (40.5 %), Amhara
(29.1 %), and Tigray (21.9 %) [16]. These results showed
severe ID with over 30 % of TGR in three regional states,
whereas two other regions had moderate ID with between
20.0 and 29.9 %. The TGR in the rest of the regional states
ranged from about 5–20 %, indicating mild ID. Harari had
the lowest TGR (4.7 %), and is considered the only normal
region. Overall, Ethiopia had 39.9 % TGR with rates of
27.7 % for palpable and 12.2 % for visible goiter, with
about 4 million children affected by goiter throughout the
country except for Gambella regional state [16].
Following salt iodization, prevalent ID appears to have
improved somewhat and yet it persists as a significant
problem among children. In a regional study from 2012
by Girma et al. [26] the median UIC of school children in
Hawassa town (SNNP region) was 34.2 μg/L ranging from
1 to 177 μg/L. The distribution of urinary iodine showed
that 18.9 % children had severe ID (<20 μg/L UIC), 63.2 %
had moderate ID (20–49 μg/L UIC) and 16 % had mild ID
Table 1 Number of publications identified by topic




• Women 5 [13, 18, 21, 24,
25]
• Children 10 [7, 16, 19, 22,
26–29, 31, 32]
• Women & Children 3 [23, 30, 47]
• Population 2 [11, 33]
Iodine Sources 4 [5, 11, 17, 20]
Study regionsb
• Nationwide 3 [13, 16, 17]
• Tigray 2 [5, 33]
• Amhara 3 [29–31]
• Oromia 5 [7, 11, 18, 20, 21]
• Addis Ababa 1 [34]
• Southern Nations Nationalities and
Peoples Region (SNNPR)
7 [22–28]
• Benshangul-Gumuz 1 [32]
• More than two regions 2 [19, 47]
ID Aggravating factors
• Cassava intake 2 [24, 47]
aSome articles can be classified under more than one category
bSome studies include data on more than one region
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(50–99 μg/L UIC). In this study, TGR was 13.6 %, well
above the 5 % cut-off highlighting ID as a public health
concern. Moreover, GR was associated with age, so that
older children (8–9 years) were more goiterous than
younger children (age 7) (17.6 % vs. 5.6 %, respectively)
[26]. Although the prevalence of ID in this report is lower
compared with the earlier community-based survey data
from SNNP region [16], this may partly reflect the fact
that Hawassa town is urban and the distribution of iodized
salt and awareness of its importance may be better in
urban than in rural communities. In another study from
the same year, the median urinary iodine value was mea-
sured at 56 μg/L for both male and female children in
Jimma, but taken separately; females (54 μg/L) had lower
values than males (74 μg/L) [7]. Higher goiter rates in fe-
male than in male children have also been reported in
other studies nationwide [16] and in Kafa which is found
in SNNPR [22].
ID in children has also been assessed recently in
greater detail, using goiter grades and thyroid stimulat-
ing hormone (TSH). A report from 2014 found a high
prevalence of TG among school children from the Mete-
kel region found a GR of 39.5 % (grade 1 = 31.5 %, grade
2 = 8 %) and a median UIC of only 39.9 μg/L [32]. The
median UIC of 39.9 μg/L in this study was indicative of
only moderate ID but the GR is indicative of severe ID.
On the basis of TSH values, the prevalence of thyroid
dysfunction was 45.95 % of which 18.92 and 27.03 % had
elevated and suppressed TSH levels, respectively. A
comparable prevalence of goiter (37.6 %) was found in
the Lay Armachiho district in 2014 with 28.5 % having a
grade 1 and 9.1 % having a grade 2 goiter [31].
Interestingly, the association between goiter and cog-
nitive function has been studied on 5-year-old children
in rural Sidama, prior to universal salt iodization in 2009
[23]. The results revealed a highly significant correlation
(r = 0.39, p = 0.001) between goiter and short-term mem-
ory among the children studied, but no significant differ-
ences were detected in other cognitive tests between
children with goiter and without goiter. In line with this,
a study by Wolka et al. from 2014 observed that children
with goiter were 1.8 times more likely to have low aca-
demic achievement than those who did not have goiter
(adjusted OR = 1.8; 95 % CI 1.2, 2.5) [27]. Moreover, goi-
ter was associated with both absenteeism and a higher
prevalence of below-average academic scores (57.0 % of
children with goiter were below average vs. 41.3 % with-
out goiter, p < 0.01). These findings, implying that ID
reduces learning ability and school performance, under-
score the importance of fostering programs to eradicate
Fig. 2 The Map identifies locales where ID has been studied in five regions and a charter city. These include Tigray region, (1) Northwest zone (Neksege
subdistrict); Amhara region, (2) North Gondar zone (Lay Armachiho district), (4) West Gojam zone (Bahir Dar city), (5) East Gojam zone (Burie and Wombera),
(6) Shoa zone; in Benshangul-Gumuz, (3) Metekel zone; (7) Addis Ababa city; in Oromia region, (8) Arsi zone, (9) East Harergie zone (Haramaya), (10) Bale
zone, (11) Jimma zone; in SNNPR, (12) Kafa zone, (13) Gamo Gofa zone, (14) Wolayita zone (Sodo), (15) Sidama zone (Sidama and Hawasa)
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Table 2 Design and major findings of studies on iodine nutrition and IDD in Ethiopia published between the years 2000–2015
Author, year Study design Study region Number of
participants (n)












Goiter rate, UIC, iodine concentration in
water, common foods of plant origin
and milk, bacterial contamination of
drinking water
- 53.3 % gross goiter
prevalence










Iodine content of household and shop
salt
The iodine content:
0–75 ppm in household salt














Histopathologic patterns of thyroid
disease and their relationship with age
and sex over a five year period.
• Higher non-neoplastic
(79 %) than that of neoplas-
tic (21 %)
• Nodular colloid goiter
recorded in 76.9 % cases
• Adenoma, carcinoma and
thyroiditis accounted for
12.8 %, 64 8.2 % and 16
2.1 % cases, respectively.
• 85.7 % thyroid diseases in





















Total goiter rate 71.4 % community goiter
prevalence with 59.5 % in





National level Children aged 6–
12 years (10,965)
Total goiter rate and UIC • 39.9 % total goiter
prevalence
































Goiter, UIC and cassava consumption • Cassava consumption and
high altitude were risk
factors for IDD
• Goitre affected those who
frequently consume cassava











Goiter grade, UIC, Raven’s CPM and
cognitive tests from the Kaufman ABC-II
• 85 % Goiter prevalence in
the mothers and 33 % in
children
• 1 μg/L median UIC for
both mothers and children
• short term memory
correlated to child goiter,











Concentration of iodine in sampled salts 57 % iodine concentration in
the sampled salts decreased
in between production site
and the consumers
• 13.6 % total goiter rate
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Goiter rate, urinary iodine concentration,
dietary patterns and caretaker
knowledge of iodine deficiency
• 34.2 μg/L the median UIC




• Limited knowledge about











Total goiter rate, Urinary iodine
excretion content of iodine in salt
• 59.1 % total goiter rate
• 56 4 g/L median urinary
iodine level
• 71.2 % non-iodinated salt
users
• 26.2 % used iodinated salt
Gebreegziabher









Urinary iodine concentration, goiter and
dietary intake of the society
• 37.2 μg/L Median UIC
• 15.9 % total goiter rate
• Consumed E. ventricosum,











percentage of population with UIC <
20 μg/L, percentage of households
using iodized salt, iodine content of salt
and total goiter rate
• 15 μg/L Median UIC
• 60 % of the women with <
20 μg/L UIC
• More than 90 % of
households not using
iodized salt
• Median salt iodine content
was almost zero










- Iodine content of water, soil, salt and
cereals in the area
• Iodine concentration level
in water below 15 μg/l, the
world’s average drinking
• High in non-farm lands soil
and low farm lands soils
• Low in wheat and barley
crops
ENMS 2014 [17] Cross
sectional
Nation wide Rural (150) and
Urban (250)
households
iodated salt coverage by semi
qualitative method using rapid test kit
(RTK) and gold standard Iodometric
titration
• Iodated salt coverage
reaches up to 88.8 % and
94.4 % by RTK and
iodometric titration
respectively












Thyroid size, urinary iodine level
determination, household level
interview and Focus Group Discussion
(FGD)
• 54.5 % total goiter rate in
school age children
• 30.1 % total goiter rate in
biological mothers
• 0.5 μg /dl median urinary
iodine
• 1.1 % iodized salt in of the
households








target groups background, dietary
habits, gynecological/obstetric
questionnaire and UIC
• 58.1 μg/L median urinary
iodine
• 82.8 % subclinical iodine
deficiency in women
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ID and thereby enhance development, productivity, and
economic potential of the state and its citizens.
Intervention strategies
IDD is considered the most important preventable cause
of brain damage worldwide [37]. Universal salt iodization
(USI) has been a major focus in the global strategy to
eliminate the problem for the last few decades, and the
preferred and most effective long-term public health inter-
vention for achieving optimal iodine nutrition in deficient
areas [32]. USI is a safe, cost-effective, and sustainable
strategy to ensure sufficient intake of iodine by different
groups [38]. It is now well recognized and applied in
nearly all countries suffering from ID to eliminate IDD.
USI involves the iodization of all salts used by human,
livestock and food industry. Adequate iodization of salt
can deliver iodine in the required amount and sustainable
basis to the population [36].
There is good precedent to show that effective USI
could ease the problem in Ethiopia. A study from
Tanzania, where the prevalence of goiter used to be
25 %, showed that within 12 years of initiating USI, 84 %
of the population consumes iodized salt, and 94.5 % of
6–12 year old children have normal sized thyroid glands
[38]. Similarly, the GR of Chinese schoolchildren af-
fected by mild IDD dropped from 18 to 5–9 % after just
18 months of salt iodization supplement [39]. According
to a recent ICCIDD letter [15], African countries such as
Burundi, Kenya, Nigeria, Uganda, Tunisia, Namibia,
Zimbabwe and Libya have successfully achieved USI,
and their coverage of households with iodized salt is
more than 90 %. Particularly, Nigeria has been certified
in 2005 for successful accomplishment of USI (95–98 %)
throughout the country [40] despite remaining of some
gaps that need to be filled [41]. Compared to these
counties, the progress in Ethiopia is slow.
Although efforts to eradicate IDD in Ethiopia date
back to a USI program that was started in 1989, and
which had initially reached nearly 80 % of households
with iodized salt, the program slowed down drastically
in the 2000’s due to the Ethio-Eretria war that inter-
rupted access to iodized salt from the red sea [12]. After
that, Ethiopia relied on imports from salt producing
countries. In 2005, the government of Ethiopia re-
planned the strategies for the achievement of IDD eradi-
cation by the year 2015 through USI strategy. In 2009/
10, the government again launched USI initiatives to
revitalize and maintain USI distribution throughout the
country [42]. It has also passed salt regulation as of
March 2011 requiring that salt used for human con-
sumption should be iodized [17, 43]. Interestingly, the
government began to explore indigenous salt production
sources in response to the border conflict between
Ethiopia and Eritrea, and has successfully exploited the











Total goiter rate, urinary iodine
excretion and TSH level
• 39.5 % total goiter
prevalence
• 39.9 μg/L median urinary
iodine
• 18.92 % elevated thyroid
hormones










the presence/absence of goiter, the
level of iodine in salt
• 37.6 % prevalence of goiter











UIC • 88.9 % prevalence of iodine
deficiency









Children (534) Association of goiter with academic
achievement
Goiter linked with low
academic achievement








children aged 6 to
12 years (270 with
goiter and 264
without goiter)
Presence of goiter Association between
goiter and goitrogenic food items
• Drinking river water
positively associated with
goiter presence
• Cabbage and cassava
consumption increased the
chance of goiter.
Note: IDD iodine deficiency disorder, SNNPR Southern Nations Nationalities and Peoples Region, UIC urinary iodine concentration, UIE urinary iodine excretion
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salt deposits at Lake Afdera in Afar region. Today, about
95 % of the salt consumed in Ethiopia is produced in the
country and the salt supply has dramatically shifted by
successfully developing new sites in this area to meet the
salt needs of the country [12, 16]. Such development
sites have been limited with small scale iodized salt pro-
ducers in the northern part of the country particularly in
Afar (Lake Afdera) and Tirgay region (Mekelle city).
Almost all of these producers, however, use non-robust
methods of iodization using knapsack manual sprayers
which is a low-tech method and the results are uneven.
Interestingly, there are few small scale producers that
are using advanced technologies, for example, ‘Shewitt’, a
small cooperative, has been successfully conducting salt
iodization with an advanced machine and upgraded io-
dized salt tester which received from the support of
GAIN. Concerted efforts and support provided by
GAIN, UNICEF and the government have reportedly im-
proved the coverage of salt iodization to reach ~88 % of
households [43]. Nevertheless, despite such impressive
iodized salt production progress, the country remains on
the list of the countries with the highest prevalence of
ID and the weakest salt iodization programs [32].
There are two independent reports in Jimma and
Metekel zones about household preferences regarding
the use of iodized salts. In Jimma, in January 2011,
71.2 % of the households were still using only non-
iodinated salt, while 26.2 and 2.6 % of households used
iodinated salt and both iodinated and non iodinated salt,
respectively [7]. Mezgebu et al. evaluated the iodine
levels in iodized salt and found that although about
75.0 % of iodinated salt samples were of good quality
>15 ppm iodine level, 25.0 % were inadequate [7]. How-
ever, only 10 % of the household salt samples were suffi-
ciently iodized, and 30 and 60 % were insufficiently
iodized and non-iodated, respectively, in Metekel zone
[32]. Thus, both studies highlighted that the coverage is
much below 90 %, the recommended value by inter-
national organizations. Inadequacy of iodine levels in io-
dized salts and shortage of iodized salt in households of
different areas is likely due to poor iodization technology
and the difficulty of sustainable supplying iodine to
small-scale salt producers.
Anticipating the renewal of universal salt iodization in
2011, salt iodine content was also assessed in Tigray re-
gions [5]. The mean concentration of iodine in salt at
the production site was 57.9 mg/kg with a maximum
and minimum of 98.4 mg/kg and above 20 mg/kg, re-
spectively. However, such optimum iodine levels fell
through the distribution chains, dropping from 57.9 mg/
kg at production to 41.3 mg/kg at the retailer. From
there, iodine content dropped to 25.1 mg/kg at house-
hold level. In other words, on average, the iodine con-
centration in iodized salt was reduced by 57 % from
production site to consumption level. Such loss of more
than 50 % iodine could stem from lack of enforcement
of the legislation and weak regulation of the producers
and retailers. In addition, poor salt handling and storage
practices at the retail and household levels are likely ob-
stacles in the implementation of iodized salts interven-
tion [44]. A further problem is that the population,
especially in rural areas, may prefer non iodated salt to
iodized salt which is more costly. They also assume rock
salt tastes better than fine salt, is more compatible with
traditional food processing and can be purchased in
bulk. Such cultural considerations could also impede the
national intervention plan and put the population’s
health at risk of iodine deficiency. Thus public education
and a campaign to raise awareness should be seen as a
necessary component to ensure effective implementation
of policies intended to eradicate ID.
Factors aggravating ID in Ethiopia
A number of environmental and dietary factors associ-
ated with the availability of iodine affect the prevalence
and severity of IDD in iodine deficient areas. The topog-
raphy of Ethiopia is mountainous and the top layer of
the soil has been eroded for decades leading to leaching
away of nutrients including iodine [14]. As a result crop
cultivation may be close to iodine free. A recent study of
the iodine content in water, soil, cereals and table salt in
three towns of Bale zone, Oromia region [20] revealed
that the concentration of iodine was significantly low in
all water samples while other goitrogenic minerals were
found in high concentrations. In soil samples in non-
farm lands, iodine concentrations were significantly
higher than in regular farming lands, which typically use
chemical inputs. Most common cereals cultivated in the
area such as wheat and barley samples had significantly
low iodine contents. Salt samples in these area contained
less iodine concentration than the required amount.
Moreover goitrogenic dietary factors such as cassava,
cruciferous vegetables (cabbage and kale), lima beans,
linseed, sorghum, sweet potato, etc. must be considered
[24, 45]. Notably, cassava, which plays a dominant role
in feeding many people in most tropical developing
countries, contains cyanogenic glucosude, a goitrogen
that inhibits iodine uptake by the thyroid gland during
consumption of unprocessed cassava [46]. The preva-
lence of IDD in many parts of SNNPR, Benshangul-
Gumuz and some parts of western Oromia region where
cassava is a staple food suggests that in these regions the
disease may aggravated by diet. Cassava consumption and
living in high altitude areas such as Amhara, Oromia,
Tigray, SNNPR and Benshangul-Gumuz were found to be
high risk factors for IDD [47]. Abuye and colleagues note
that in SNNPR and Benshangul-Gumuz, those who con-
sume cassava frequently were significantly affected by
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goiter more frequently than those consuming rarely or
not [47].
Challenges and future perspectives
This review is limited to publically available data found
in the scientific literature and reports from the years
2000–2015. It is possible that more recent unpub-
lished data are available to those agencies involved in
implementing the National Nutrition Programme.
Nevertheless, the studies in this review provide im-
portant data on the prevalence of IDD in Ethiopian
women and children, which remains high even after
the recent implementation of universal salt iodization
and strongly support the interventions undertaken in
different regions of the country. The few studies that
considered iodine levels in salt, water and soil, as well
as salt iodide concentrations at the producer, retailer
and household levels, provide essential input for the
government efforts to improve the distribution and
handling of iodized salt. In general, the studies
reviewed have the following limitations:
➢ Almost all of the included studies used a cross-
sectional design. Although this is appropriate for
the relatively quick and cheap assessment of disease
prevalence in a population it can only provide a
snapshot of the frequency of ID in a population at
a given point in time; it can be susceptible to bias
due to low-response and misclassification, and it
can be difficult to interpret any identified associa-
tions [48].
➢ Most of the studies used limited indicators (UIC
and GR) to estimate the prevalence of ID. UIC has
been extensively used to assess iodine status of
populations. Because of high diurnal and inter day
variation in individuals, the use of UIC as a marker
for assessing individual status is limited, particularly
in the absence of accurate assessment of intake.
Although these variations level out when used in
large population samples, they do not provide direct
information about thyroid function [46]. In utilizing
GR, inspection and palpation have traditionally been
used to classify goiter. Nevertheless, in areas of
mild-to moderate IDDs, the sensitivity and specificity
of palpation are poor [36].
➢ The majority of the studies are limited to a few areas
in a very few regional states, and data are missing from
other regions and cities which represent a larger
proportion of the population.
These limitations notwithstanding, this review iden-
tifies following priorities for addressing IDD in
Ethiopia:
➢ Due to limited data available and the deleterious
effects of ID on pregnant women and infants,
priority should be given to studies of these
vulnerable groups.
➢ Prospective cohort studies should be conducted to
assess the severity of IDD in vulnerable groups and
to identify those factors that might modify the
association between IDD and thyroid disease in this
population.
➢ Data on iodine level and ID status in areas of the
major regions where no studies have been conducted to
date are crucial for mapping the problem and
developing, implementing and monitoring a successful
USI strategy.
➢ Biomarkers of IDD such as blood thyroid-
stimulating hormone (TSH) and blood thyroglobulin
should be used to improve study validity.
➢ Examination of outcomes other than goiter, such
as cognitive effects, language and fine motor
function should be conducted in children and
mothers.
➢ Randomized control trials of the impact of iodine
supplements should be carried out on cognitive
development and intellectual outcomes of school
children in Ethiopia.
➢ Studies are needed to identify ways to prevent the
loss of iodine from iodized salt at producers, retailers
and household levels.
➢ Environmental and dietary factors must be
addressed as potentially contributing to the severity
of IDD in different regions of Ethiopia. As modifying
these environmental and cultural-dietary factors will
be difficult, education and awareness programs will
be important. Raising public awareness of ID could
enhance success of USI and might reduce the
burden of IDD.
Conclusion
In conclusion, IDD remains a major public health prob-
lem in many parts of Ethiopia. Although iodized salt
coverage of ~88 % households is an impressive interim
result, this achievement must be expanded by improving
manufacturing and distribution processes, and supported
by public awareness programs until the goal of universal
coverage and a significant reduction in ID is reached.
Regular, national monitoring of iodine status, thyroid
function and relevant health outcomes will be necessary
both to determine if the program has achieved the de-
sired reduction in IDD, and how this has affected health
and cognitive measures of women and children. Imple-
mentation of these recommendations will improve the
health of millions of Ethiopian citizens and serve to in-
form efforts to eradicate IDD elsewhere.
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